ABSTRACT The effect of an oral sustained release /82 agonist on symptoms, sleep quality, and peak flow rates has been studied in nine patients with nocturnal asthma. Patients received oral terbutaline 7-5 mg twice daily or placebo for seven days in a double blind crossover study and spent the last two nights of each limb in a sleep laboratory. Oral terbutaline improved morning peak flow (259 v 213 1 min-') and decreased nocturnal inhaler usage (1X3 v 1 -9) with no alteration in sleep quality as assessed electroencephalographically. The study shows that oral sustained release terbutaline can be useful in the treatment of nocturnal asthma without impairment of sleep quality.
Many patients with asthma are troubled by cough and wheeze at night and are found to have a "morning dip" in forced expiratory flow.' These nocturnal symptoms are associated with poorer sleep quality2 3 and worse hypoxia during sleep3 than is found in age matched normal subjects. Nocturnal asthma may be difficult to treat. 4 When the combination of inhaled bronchodilators and inhaled prophylactic agents do not control symptoms, sustained release oral bronchodilators in the form of theophylline or 02 agonists are frequently used.
We have recently shown that while oral theophyllines are effective overnight bronchodilators they may impair sleep quality. 5 We have now studied the effect of an oral sustained release fl2 agonist on peak expiratory flow, arterial oxygen saturation, and sleep quality in patients with nocturnal asthma.
Methods
We studied nine patients with stable asthma who had troublesome nocturnal wheeze or cough, or both, (table 1) . Each had a greater than 20% increase in FEV, after inhalation of 200 pg of terbutaline. Five were atopic with positive responses to skin tests with grass pollens, dust, or animal dander. None had had an exacerbation of asthma for at least six weeks before the study. Antihistamines, hypnotics, and ketotifen were discontinued at least four weeks before Address for correspondence: Dr N J Douglas, Department of Respiratory Medicine, City Hospital, Edinburgh EH10 5SB. (Reprints will not be available). Accepted I April 1987 the study, and the three patients who had received either oral theophylline or oral /32 agonists previously discontinued the drugs at least three weeks before the study. Six patients were receiving oral prednisolone (5-10mg daily), and eight of the nine patients were inhaling steroids (400-800 pg betamethasone or beclomethasone a day). All were inhaling f2 agonists, which were withheld for at least six hours before the studies in the sleep laboratory. No subject was taking sodium cromoglycate and none smoked.
The nine patients received oral terbutaline (Bricanyl, South Africa) 7-5 mg twice daily or placebo for seven days in a double blind crossover study. There was a washout period of at least 24 hours (no longer than 10 days) between the two limbs of the study. Symptoms and peak flow (PEF) recorded during the first 48 hours of each limb of the study were excluded from subsequent analyses, to avoid any carry over B, S, 1, P (10) B-inhaled f2 agonist; S-inhaled steroid; T-oral theophylline; P-oral prednisolone, with daily dose in mg in parentheses; I-inhaled ipratropium bromide; k-ketotifen; t-terbutaline. 798 effects and to allow terbutaline concentrations to stabilise. Throughout the study the patients recorded on a diary card each day their PEF four times a day, symptom score (0 = no symptoms, 3 = severe symptoms), inhaler usage, and number of awakenings with cough or wheeze. On the last two nights of each limb of the study the patients slept in a soundproof laboratory; the first night was for acclimatisation and only the sleep data from the second night were analysed. Arterial oxygen saturation (Sao2) was measured by the Hewlett Packard ear oximeter6 and sleep stage was determined by standard criteria,7 our usual electrode placement3 being used. An electroencephalographic awakening was said to occur when wakefulness was the dominant stage in a 20 second epoch. PEF was measured immediately before the subjects went to bed and immediately they awoke.
Plasma terbutaline concentrations were assayed by high pressure liquid chromatography8 and by gasliquid chromatography and mass spectrometry9 from venous blood drawn at 10pm and 7am on the night of the sleep studies. The assays were performed by Draco (Lund, Sweden).
The significance of changes was assessed by Student's paired t test, the Bonferroni correction for multiple comparisons being used where applicable.10
Results are given as means with standard errors in parentheses.
Results

TERBUTALINE LEVELS
Terbutaline (mol wt 548) was undetectable in all plasma samples from the placebo nights. On the study nights when the patients were taking active drug, plasma terbutaline ranged from 2-8 to 28 1 nmol/l with no significant difference between concentrations at 10pm (14.2(2.7) nmol/l) and 7am (14.7(2.7) nmol/l).
PEAK FLOW RATES
During the three nights at home neither the presleep Stewart, Rhind, Power, Flenley, Douglas nor the early morning PEF values differed significantly between the terbutaline and placebo days (table 2; p > 0-2). The overnight fall in PEF was significant after placebo (52 1 min -1), whereas the fall after terbutaline was not significant (38 1 min-1).
For the nights spent in the laboratory, PEF before sleep did not differ significantly between the terbutaline and placebo periods (table 2; p > 0 5) but it was significantly higher in the morning during the terbutaline period (p < 0 05; fig 1) . On the laboratory nights the patients bronchoconstricted overnight with a fall in PEF of 88 1/min (p < 0-02) compared with a fall of 28 1 min-on terbutaline (p > 0-3).
SYMPTOMS
During the three days at home subjects used less inhaler at night while taking terbutaline than while taking placebo (I 3 (SEM 0-2) v 19 (0-4) puffs/night; p < 0-02) and there was a trend towards their being woken less often by cough or wheeze when taking terbutaline (1 0(0-2) 
Discussion
This study confirms that oral sustained release terbutaline can improve morning peak flow rates in patients who have troublesome nocturnal asthma that has not responded to inhaled /2 agonists and inhaled prophylactic agents. Terbutaline did not impair sleep quality, and indeed there was a trend towards a decreased number of awakenings reported while patients were taking oral terbutaline. Nocturnal asthma is ill understood4 and often difficult to treat. This study confirms previous findings" showing that oral slow release I2 agonists can improve PEF and decrease nocturnal inhaler usage in patients with nocturnal asthma. We did not, however, find the clear reduction in nocturnal symptoms reported by others. '2 Theophyllines and /2 agonists are stimulants of the central nervous system and potentially therefore could interfere with sleep.'3 14 Long acting theophyllines have been shown to impair sleep quality, as assessed by EEG recording, in patients with nocturnal asthma5 and chronic bronchitis and emphysema.'5 The current study shows that oral 12 agonists improve nocturnal asthma without disturbing sleep, and indeed the trend was towards improved sleep quality while patients were taking terbutaline.
No detailed information is available on the therapeutic range for terbutaline. The plasma concentrations achieved in this study, however, are in the range quoted by Astra Pharmaceuticals and by others1 as being therapeutic.
This study therefore confirms that oral sustained release terbutaline can be useful in treating nocturnal asthma. The lack of deleterious effect on sleep quality suggests that this may be the oral sustained release agent of choice in those patients who obtain symptomatic relief without developing side effects. Nevertheless, this treatment is still not ideal as it did not produce great changes in peak flow, did not prevent awakenings with wheeze or use of inhalers at night, did not improve nocturnal symptoms, and did not reduce nocturnal hypoxaemia.
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